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APPARATUS FOR REMOVING AND/OR RECOVERING INK, PRINTING MACHINE 
INCLUDING SUCH APPARATUS, AND METHOD FOR SUPPLYING AND / OR 
RECOVERING INK 



BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for removing and/or 
recovering ink, a printing machine including such an apparatus, and 
a method for supplying and/or recovering ink, and more particularly, 
to such an apparatus, machine and method which can remove and/or 
recover ink remaining in ink delivery tubings connecting an ink 
reservoir to an ink supply source. 

Conventionally, when a printing machine prints a sheet of paper, 
such as a corrugated board with f lexographic ink, it is common to press 
a printing die having ink applied thereon against the surface of the 
sheet. These printing machines, such as disclosed in Japanese 
Utility Model publication H03-14367, usually include a pair of 
rollers, one of which supports the printing die on the outer surface 
thereof, an ink reservoir formed between said roller and another 
roller engaging therewith, an ink supply source, and at least one of 
ink delivery tubings each connecting the ink reservoir to the ink 
supply source to enable fluid communication therebetween, so that the 
ink supplied from the ink supply source to the ink reservoir via the 
ink delivery tubings and accumulated in the ink reservoir is 
transferred to the printing die and used for printing. 

The remaining ink in the ink reservoir is recovered therefrom and 
returned back to the ink supply source via the ink delivery tubings, 
after the printing operation has finished. However, even after the 
ink remaining in the ink reservoir has been completely recovered from 



the ink reservoir and returned back to the ink supply source via the 
ink delivery tubings, excess ink still remains on the surfaces of the 
pair of rollers and the ink reservoir, and on the inner surfaces of 
the ink delivery tubings, therefore it is important to remove or rinse 
out such remaining ink as quickly as possible before successive 
printing operation which uses ink of anothor color is conducted. 

There are several technical problems in such printing machines, 
especially due to the ink remaining in the ink delivery tubings. 

The first problem is that the ink used in the previous printing 
operation and still remaining in the ink delivery tubings will be 
mixed with ink of a new, different color upon the start of a successive 
printing operation, thereby the printed color does not precisely 
match the color of the new ink. A printing color is quite often 
changed even in one day, since small lot productions are recently 
required. Japanese Utility Model Laid-open publication S63-77737 
discloses a printing machine wherein excess ink remaining in the ink 
reservoir can be recovered and sent back to the ink supply source via 
the ink delivery tubings by using an air ejector. Although it would 
be possible to remove ink remaining in the ink reservoir according 
to this apparatus, it is still difficult to remove ink remaining in 
the ink delivery tubings. 

The second problem is that it is difficult to efficiently remove 
ink remaining in the ink delivery tubings such as ink supply tubings 
or ink recovery tubings. Japanese patent 2,954,895 discloses an 
apparatus for recovering flexographic ink remaining on the surface 
of a pair of rollers wherein the remaining ink is diluted, and then 
recovered via the ink delivery tubings after supplying a sufficient 
amount of diluting liquid to the ink reservoir. It would be possible, 



according to this apparatus, to remove some of the ink remaining in 
the ink delivery tubings by diluted ink flowing through the ink 
delivery tubings. 

However, it is difficult to completely remove all of the ink from 
the ink delivery tubings, therefore the ink delivery tubings must be 
rinsed out again using a large amount of rinsing water. 

The third problem is that it is difficult to recover ink from the 
ink delivery tubings such as ink supply tubings and ink recovery 
tubings, so that the recovered ink can be reused thereafter. 
Although the excess ink remaining in the ink delivery tubings could 
be removed by rinsing the ink supply tubings and ink recovery tubings, 
the recovered ink will be diluted so much that it cannot be reused 
for printing. If the ink can be recovered while still in its reusable 
form, the loss of the ink will be reduced. 

According to the prior art, the excess ink remaining in the ink 
reservoir and/or on the surface of the pair of rollers is recovered, 
however, excess ink remaining in the ink delivery tubings has to be 
rinsed out with a large amount of rinsing water, thus causing 
significant amount of loss of ink and waste water, whereby harm to 
the environment is caused. 

As to the amount of loss of ink and of waste water, assuming a 
f lexographic printing machine for corrugated boards of 2, 500 mm in 
width among others, the machine including a conventional ink recovery 
system, the amount of f lexographic ink wasted upon color change, i. e. 
remaining in the ink supply tubings, ink recovery tubings, and on the 
ink pan which should be rinsed out by rinsing water, is about 150 grams 
for each color thereof (assuming that flexographic ink remaining in 
the ink reservoir is recovered by the ink recovery system thereof.). 



The amount of rinsing water which is consumed for rinsing out such 
flexographic ink is about 50 liters. Therefore, when a color change 
is required 30 times a day, each color of ink wasted in a day will 
be 150 grams times 30, that is 4, 500 grams, for each printing machines. 
Similarly, waste water required for rinsing flexographic ink out from 
the ink supply tubings, ink recovery tubings, and the ink pan, will 
be 50 liters times 30, that is 1,500 liters in a day. Thus it can 
be seen from the above that, conventional flexographic printing 
machine has been required to waste large amounts of flexographic ink 
and rinsing water. 

Thus, one object of the present invention is to provide an 
apparatus for removing and/or recovering ink, a printing machine 
including such an apparatus, and a method for supplying and/or 
recovering ink, which can remove ink remaining in ink delivery tubings 
connecting an ink reservoir to an ink supply source, thereby 
preventing a change of printing color due to the mixture of a previous 
ink and new ink. 

Another object of the present invention is to provide an apparatus 
for removing and/or recovering ink, a printing machine including such 
an apparatus, and a method for supplying and/or recovering ink, which 
can quickly remove or rinse out the ink remaining in ink delivery 
tubings connecting an ink reservoir to an ink supply source. 

Still another object of the present invention is to provide an 
apparatus for removing and/or recovering ink, a printing machine 
including such an apparatus, and a method for supplying and/or 
recovering ink, which can recover the ink while it is still in its 
reusable form, which remains in ink delivery tubings connected 
between an ink reservoir and an ink supply source. 



SUMMARY OF THE INVENTION 

A printing machine according to the present invention includes: 
an ink reservoir, an ink supply source, and one or more ink 
delivery tubings each connecting said ink reservoir to said ink supply 
source, whereby the ink supplied from said ink supply source via at 
least one of said ink delivery tubings to said ink reservoir and 
accumulated therein is used for printing, 

wherein the printing machine further comprises one or more ink 
removing means for removing said ink remaining in said ink delivery 
tubings, 

each of said one or more ink removing means including respective 
air supply means which supply a fast enough flow rate and/or strong 
enough flow volume of air into said ink delivery tubings such that 
the air flows toward said ink supply source in the direction away from 
said ink reservoir in order to remove said ink remaining on the inner 
surface of said ink delivery tubings. 

One preferable embodiment of the printing machine according to 
the present invention further comprising one or more ink transfer 
means for transferring said ink between said ink reservoir and said 
ink supply source via said ink delivery tubings, 

wherein each of said ink transfer means transfers said ink via 
said ink delivery tubings before and during the printing operation 
of the printing machine, while each of said ink transfer means moves 
air in said ink delivery tubings after the printing operation of the 
printing machine has finished. 

In another preferable embodiment of the printing machine 
according to the present invention, said ink removing means further 
includes at least one diluting liquid supply means which supply a 



liquid in said ink delivery tubings such that the liquid flows toward 
said ink supply source from said ink reservoir in order to dilute said 
ink remaining therein. 

Furthermore, said ink removing means may further include at least 
one viscometer for detecting the viscosity of said ink being removed 
from said ink delivery tubings, and at least one adjusting means for 
adjusting the amount of diluting liquid supplied by said diluting 
liquid supply means in response to the viscosity detected by said 
viscometer. 

In the printing machine according to the invention, it is 
preferable that each of said air supply means comprise air flow 
tubings connected to be in fluid communication with said respective 
ink delivery tubings in close proximity to opening ends thereof 
adjacent to said ink supply source, and air suction means disposed 
within said air flow tubings for sucking air down from said ink 
delivery tubings by virtue of air flow passing through said air flow 
tubings. 

In the above preferable embodiment of the printing machine 
according to the invention, each of said air supply means comprise 
air/gas introduction means which introduce air/gas into said ink 
delivery tubings in the close proximity to opening ends thereof 
adjacent to said ink supply source. 

In one embodiment of the printing machine according to the present 
invention, said diluting liquid supply means may comprise diluting 
liquid tubings connected to be in fluid communication with said 
respective ink delivery tubings in close proximity to opening ends 
thereof adjacent to said ink reservoir, and a diluting liquid source 
connected to said diluting liquid tubings, respectively. 



In one preferable embodiment of the printing machine according 
to the invention, said ink delivery tubing comprises one or more ink 
supply tubings for supplying said ink from said. ink supply source to 
said ink reservoir, and one or more ink recovery tubings for 
recovering said ink from said ink reservoir and returning it back to 
said ink supply source, 

said ink supply tubings and/or said ink recovery tubings include 
ink transfer means which can transfer said ink in and vice versa 
between said ink supply source and said ink reservoir, 

whereby said ink supply tubings can operate as ink recovery 
tubings and/or said ink recovery tubings can operate as ink supply 
tubings. 

In one embodiment of the printing machine according to the 
invention, said ink reservoir may be formed by an inking roller which 
applies said ink to a printing die, an ink squeezing member extending 
along the axis of said inking roller in contact with the same for the 
adjustment of the amount of said ink being applied to the printing 
die, and a pair of diaphragms or dam plates disposed at common end 
extremities of said inking roller and said ink squeezing member, 

comprising one or more driving means which move said opening ends 
of at least one of said ink delivery tubings adjacent to said ink 
reservoir along said axis of the inking roller. 

A method for supplying and/or recovering ink according to the 
present invention including: 

said ink being supplied and/or recovered via at least one of ink 
delivery tubings connecting an ink reservoir to an ink supply source, 

wherein the method includes the step of supplying a fast enough 
flow rate and/or strong enough flow volume of air into said ink 



delivery tubings such that the air flows toward said ink supply source 
in the direction away from said ink reservoir, and the step of 
supplying a diluting liquid in said ink delivery tubings 
intermittently so that the liquid flows toward said ink supply source 
from said ink reservoir, and wherein said supplying steps occur 
simultaneously in order to recover said ink remaining on the inner 
surfaces of said ink delivery tubings. 

In one preferable embodiment of the method according to the 
invention, the method may further include the step of detecting the 
viscosity of said ink being removed from said ink delivery tubings, 
and the step of adjusting the amount of said diluting liquid in 
response to the viscosity detected by said step of detecting. 

An apparatus for removing and/or recovering ink according to the 
invention is: 

an apparatus for removing and/or recovering ink remaining in one 
or more ink delivery tubings connecting an ink reservoir to an ink 
supply source, 

wherein the apparatus includes air supply means which supplies 
a fast enough flow rate and/or strong enough flow volume of air into 
said ink delivery tubings such that the air flows toward said ink 
supply source in the direction away from said ink reservoir in order 
to remove said ink remaining on the inner surfaces of said ink delivery 
tubings. 

According to the printing machine of the present invention 
described above, a sheet of paper is printed by utilizing the ink 
supplied from the ink supply source to the ink reservoir and 
accumulated therein via ink delivery tubings. Once the printing 
operation of the printing machine has finished, excess ink remaining 
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in the ink reservoir is recovered therefrom and returned back to the 
ink supply source via the ink delivery tubings, thereafter the ink 
remaining on the inner surfaces of the ink delivery tubings being 
removed by one or more air supply means which supply a fast enough 
flow rate and/or strong enough flow volume of air into the ink delivery 
tubings such that the air flows toward the ink supply source in the 
direction away from the ink reservoir. Therefore, the invention 
makes it possible to effectively prevent the change of the color 
printed to a color different from the color of the new ink, which can 
be caused by the mixture of the new ink supplied from the new ink supply 
source with the ink previously used and still remaining in the ink 
delivery tubings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view showing a printing machine of the 
first preferred embodiment of the present invention. 

Figure 2 is a side elevational view showing the printing section 
of the printing machine illustrated in Figure 1. 

Figure 3 is a piping diagram showing relationships of various 
tubings and elements of the printing machine illustrated in Figure 
1. 

Figure 4 is a piping diagram showing the second embodiment of the 
present invention. 

Figure 5 is a piping diagram showing the third embodiment of the 
present invention. 

Figure 6 is a piping diagram showing the forth embodiment of the 
present invention. 

Figure 7 is a schematical front view showing a tubing pump. 



Figure 8 is a schematical side view showing a tubing pump. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 
INVENTION 

5 The above objects and other objects, features, and advantages of 

the present invention will be readily apparent from the following 
detailed description of the printing machines of the preferred 
embodiments for carrying out the invention when taken in connection 
with the accompanying drawings. These printing machines are 

10 operated for printing corrugated boards with flexographic ink. 

Figure 1 is a perspective view showing a printing machine of the 
first preferred embodiment of the present invention. Figure 2 is a 
side elevational view showing the printing section of the printing 
machine illustrated in Figure 1. Figure 3 is a piping diagram showing 

15 relationships of various tubings and elements of the printing machine 
illustrated in Figure 1. 

As can be seen in Figure 1, a printing machine 10 includes an ink 
reservoir 16 formed by a pair of rollers 12 and 14, an ink supply source 
18 disposed underneath the ink reservoir 16, an ink supply tubing 20 

20 and ink recovery tubings 22 and 24 each connecting the ink reservoir 
16 to the ink supply source 18 to provide fluid communication 
therebetween, ink transfer pumps 26A, 26B and 26C for transferring 
ink via the ink supply tubing 20 and the ink recovery tubings 22 and 
24, respectively, a water supply tubing 28 for supplying water into 

25 the ink supply tubing 20 and the ink recovery tubings 22 and 24, 
respectively, and air ejectors 30A, 30B and 30C each of which 
generates an air flow in the ink supply tubing 20 and ink recovery 
tubings 22 and 24, respectively, in order to remove or recover 

10 



remaining ink in the ink supply tubing 20 and the ink recovery tubings 
22 and 24. 

As can be seen in Figure 2, the ink reservoir 16 is formed by an 
inking roller 12 and an ink squeezing roller 14 which are supported 
5 in contact with each other and both of which are supported between 
a pair of machine frames 32 and 34, and by a pair of diaphragms or 
dam plates 36 and 38 which are supported in a sliding contact 
relationship with the inking roller 12 and the ink squeezing roller 
14 at the common end extremities thereof and which are also supported 

10 on the pair of machine frames 32 and 34. The inking roller 12 and 
the ink squeezing roller 14 are kept in a contact with each other 
during a printing operation of the printing machine. A printing 
cylinder 40 disposed under the inking roller 12 and rotatably 
supported by the pair of machine frames 32 and 34, supports a printing 

15 die 42 on the outer surface thereof, whereby the printing die 42 is 
supported in contact with the inking roller 12. A corrugated board 
sheet S is supplied between the printing cylinder 40 and an impression 
cylinder 44 disposed under the printing cylinder 40 and rotatably 
supported by the pair of machine frames 32 and 34. When the 

20 corrugated board sheet S comes into contact with the printing die 42, 
flexographic ink applied on the surface of the printing die 42 is 
transferred or printed onto the sheet S. After the corrugated board 
sheet is printed with the flexographic ink, it will be fed to the next 
process stage via a pair of feed rollers 46 and 48. 

25 As can be seen in Figure 1, the ink supply source 18 is a container 

for keeping ink therein and disposed in the lowest position of the 
printing machine, and the opening end of the ink supply tubing 20, 
that of the ink recovery tubing 22, and that of the recovery tubing 
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24 are positioned inside the ink supply source 18, as discribed in 
further detail below. The ink supply source 18 has to be replaced 
with that filled with another color of ink when the printing color 
is to be changed. 

As can be seen in Figure 1, one opening end of the ink supply tubing 
20 is positioned adjacent to the ink reservoir 16, while the other 
opening end thereof is positioned adjacent to or inserted in the ink 
supply source 18. The inner diameter and the length of the ink supply 
tubing 20 may be chosen depending on various conditions such as the 
desired flow rate of the ink or distance between the ink supply source 
18 and the ink reservoir 16. The ink supply tube may be, for example, 
8 mm in its inner diameter and 5 m in its length, and made of plastic. 
There is provided in the direction from the ink reservoir 16 to the 
ink supply source 18 for the ink supply tubing 20 a bracket 50 for 
supporting the ink supply tubing 20, a viscometer 52 for detecting 
the viscosity of the flexographic ink therein which will be explained 
in more detail below, and a transfer pump 26A and open-close valve 
54A both of which will be explained in more detail below. A threaded 
shaft 56 threadedly engaging with the bracket 50 is rotationally 
disposed above the ink reservoir 16 along the axes of the rollers 12 
and 14, and a driving motor 58 is attached at one end of the threaded 
shaft 56, while the other end thereof (not shown) is supported by the 
pair of machine frames 32 and 34. The threaded shaft 56 is rotated 
by the rotation of the driving motor 58, which moves the opening end 
of the ink supply tubing 20 along the longitudinal direction of the 
ink reservoir 16. 

A water supply tubing 28 includes a straight tubing portion 60 
disposed above the ink reservoir 16 along the longitudinal direction 



12 



thereof, and three branch tubing portions 62A, 62B and 62C branched 
off from the straight tubing portion 60, respectively. There are 
three junction points spaced apart from each other along the 
longitudinal direction of the ink reservoir 16, i. e. , positioned at 
5 one end, middle part and the other end thereof. A water supply source 
64 is connected to one opening end of the straight tubing portion 60. 
An opening end of the branch tubing portion 62A is connected to the 
ink supply tubing 20 to be in fluid communication therewith. The 
opening end of the branch tubing portion 62B is connected to the ink 

10 recovery tubings 22 and that of the portion 62C is connected to 24, 
respectively. In the direction from the straight tubing portion 60 
to the ink reservoir 16, a water flow meter 66A and an open-close valve 
68A are included within the branch tubing portion 62A. The time 
intervals for feeding water are controlled by the operation of the 

15 open-close valve 68A in relation to the amount of the water flowing 
through the ink supply tubing 20, this flow rate being detected by 
the water flow meter 66A. 

A high pressure air supply tubing 70 disposed below the pair of 
rollers 12 and 14 is connected to a high pressure air source 72 of 

20 about 5 kg/cm 2 in pressure. The high pressure air tubing 70 includes 
a straight tubing portion 74 disposed along the longitudinal 
direction of the ink reservoir 16, and three branch tubing portions 
76A, 76B and 76C branched off from the straight tubing portion 74, 
respectively. The branch tubing portions 76A, 76B and 76C are 

25 connected to air ejectors 30A, 30B and 30C, respectively, thus 
providing fluid communication therebetween by open-close valves 78A, 
78B and 78C. The primary port of the air ejector 30A is connected 
to the ink supply tubing 20 at a portion thereof which is located 
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slightly apart from the open-close valve 54A and toward the ink 
reservoir 16 via a by-pass tubing 80A including an open-close valve 
82A. The secondary port of the air ejector 30A is connected to the 
ink supply tubing 20 at a portion thereof which is located slightly 
5 apart from the open-close valve 54A toward the ink supply source 18 
via a by-pass tubing 84A. 

The air ejectors 30 known in the art operate as follows. An air 
ejector 30 includes a diffuser therewithin (not shown) and an 
expansion chamber (not shown) in fluid communication with the 

10 constriction side of the diffuser. The primary compression air 
supplied via the open-close valve 78 and injected into the expansion 
chamber from a nozzle (not shown) expands and flows into the diffuser 
at a high flow speed, whereby pressure in the expansion chamber drops. 
The pressure difference caused thereby is utilized for drawing 

15 secondary air out of via the open-close valve 82A, which is mixed and 
passes through the diffuser with the primary air, and then flows into 
the ink supply tubing 20 via the by-pass tubing 84. 

Now, the transfer pump 26A will be explained in detail with 
reference to the Figures 7 and 8. The transfer pump is a tubing pump 

20 of a known type which transfers flexographic ink in the ink supply 
tubing 20. A motor 92 is supported upon a base plate 90 and the motor 
has a rotor 94 fixedly attached on the driving shaft thereof, which 
applies a rotational pressure force against the outer surface of the 
ink supply tubing 20. A supporting member 98 which supports the ink 

25 supply tubing 20 thereon is attached at the top end of the driving 
rod of an air cylinder 96 which is attached to the base plate 90. The 
supporting member 98 guided along a pair of guide bars 100 and 102 
fixed on the base plate 90 is moved toward or apart from the rotor 
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94 by driving the air cylinder 96. In order to transfer flexographic 
ink from the ink supply source 18 to the ink reservoir 16 by using 
this tubing pump, the supporting member 98 is moved toward the rotor 
94 to apply rotational pressure force against the outer surface of 
5 the ink supply tubing 20, whereby the flexographic ink is transferred. 
On the other hand, in order to release the rotational pressure force 
applied against the outer surface of the ink supply tubing 20, the 
supporting member 98 is moved apart from the rotor 94, whereby the 
ink supply tubing 20 is separated from the rotor. Any other means, 

10 besides the air cylinder, such as a threaded shaft, may be used for 
moving the supporting member 98 toward or apart from the rotor 94. 
Also, the position of the supporting member 98 relative to the rotor 
94 can be adjusted for any ink supply tubings 20 with different 
diameters, whereby the rotational pressure force applied on the ink 

15 supply tubing can be optimized. 

The structures relating to the ink recovery tubings 22 and 24 are 
similar to that of the ink supply tubing 20, except that the flow 
direction of the ink in the former is opposite to that in the latter, 
and thus elements or members of the tubings 22 and 24 similar to those 

20 previously disclosed with respect to the tubing 20 are designated with 
the same reference numerals as used for tubing 20, and only points 
of difference between the tubings 22 and 24 and the tubing 20 will 
be explained in detail below. 

The points of difference between the tubings are as follows : 

25 firstly, the ink supply tubing 20 includes the viscometer 52 along 
its path whereas the ink recovery tubings 22 and 24 do not include 
the same; secondly, the ink supply tubing 20 has the tubing pump 26A 
disposed adjacent to the ink supply source 18 whereas the ink recovery 
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tubings 22 and 24 have the respective tubing pumps 26B and 26C disposed 
adjacent to the ink reservoir 16. 

Regarding the first different point mentioned above, although it 
is advantageous to include the viscometer 52 along the path of the 
5 ink supply tubing 20 for detecting the viscosity of the ink being 
supplied before and/or during the printing operation, the viscometer 
may instead be positioned along the path of ink recovery tubings 22 
and 24 in order to detect the viscosity of the ink being recovered 
after the printing operation has finished. 

10 The reason for the second different point mentioned above is that, 

when the ink is transferred by the tubing pump, the resistance due 
to the flow of the ink can be minimized by placing the tubing pump 
as near as possible to the ink supply source 18 for the ink supply 
tubing 20, while placing it as near as possible to the ink reservoir 

15 16 for the ink recovery tubings 22 and 24. 

The operation of the printing machine the construction of which 
has been discussed above will now be explained in detail below, which 
description covers the respective stages of before, during and after 
printing. 

20 The operations which have to be done before the printing operation 

is started are as follows. Various valves are operated before 
printing. More particularly, the open-close valve 54A is opened to 
suction the flexographic ink into the ink supply tubing 20. The 
open-close valve 82A is closed to prevent the flexographic ink from 

25 flowing into the by-pass tubing 80A. The open-close valve 78A is 
closed to prevent the high pressure air from the high pressure air 
source 72 from flowing into the air ejector 30A. Then, the air 
cylinder 96 of the transfer pump 26A is driven so that the support 
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member 98 moves toward the rotor 94, whereby a rotational pressure 
force by the rotor is applied against the outer surface of the ink 
supply tubing 20. The open-close valve 68A is closed to prevent the 
water from the water supply tubing 28 from flowing into the ink 
5 reservoir 16. 

Next, the operations done during the printing operation will be 
described. The flexographic ink being kept in the ink supply source 
18 is supplied to the ink reservoir 16 by driving the transfer pump 
26A. The flexographic ink supplied in the ink reservoir 16 is held 

10 therein without leaking out therefrom due to a pair of diaphragms or 
dam plates 36 and 38 disposed at the end extremities of the rollers 
12 and 14. The flexographic ink being kept in the ink reservoir 16 
is transferred or applied onto the outer surface of the inking roller 
12 comprising a portion of the ink reservoir 16, and thereafter the 

15 ink is transferred or applied onto the printing die 42, whereby a 
corrugated board sheet S is printed. During the printing operation 
discussed above, the amount of the flexographic ink being supplied 
via the ink supply tubing is more than that required for printing the 
corrugated board sheet S. Thus, excessive flexographic ink is 

20 recovered and returned back to the ink supply source 18 via the ink 
recovery tubings 22 and 24 by driving the respective tubing pumps 26B 
and 26C. 

The flexographic ink having a quick-drying nature is effectively 
prevented from being solidified by continuously supplying and 
25 recovering it, i.e. by the circulation of the flexographic ink between 
the ink supply source 18 and the ink reservoir 16. Also, unevenness 
of the printing can be effectively prevented, which unevenness might 
occur when the viscosity of the flexographic ink is distributed 
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unevenly along the longitudinal direction of the ink reservoir 16 
depending upon the positions of the ink supply tubing 20 and/or the 
ink recovery tubings 22 and 24. Moreover, the ink supply tubing 20 
supported on the bracket 50 may be moved along the longitudinal 
5 direction of the ink reservoir 16 by the rotation of the threaded shaft 
56 driven by the motor 58 in order to provide an active dynamic flow 
of the flexographic ink being kept in a particular position in the 
ink reservoir 16. Printing operation for one lot of corrugated board 
sheet has finished. 

10 Next, the operations done during the ink removing and/or 

recovering operation will be described. The flexographic ink still 
remaining in the ink reservoir 16 is recovered therefrom and returned 
back to the ink supply source 18. More particularly, the remaining 
flexographic ink is recovered from the ink reservoir 16 and returned 

15 back to the ink supply source 18 via the ink recovery tubings 22 and 
24 by the continuous driving movement of the tubing pumps 26B and 26C. 
Also, at the same time, the transfer pump 26A may be driven in the 
reversed direction in order to use the ink supply tubing 20 as one 
of the ink recovery tubing for recovering the flexographic ink from 

20 the ink reservoir 16 and returning it to the ink supply source 18. 
According to such an embodiment, the time required for recovering the 
flexographic ink from the ink reservoir 16 can be further shortened. 

After the transfer pump 26A disposed along the path of the ink 
supply tubing 20 has stopped, the supporting member 98 is moved apart 

25 from the rotor 94 by driving the air cylinder 96, whereby the ink 
supply tubing 20 is released from the pressure force applied by the 
rotor 94. Then, the open-close valve 54A is closed, while the 
open-close valve 82A disposed in the by-pass tubing 80A is opened. 
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Next, the open-close valves 78A, 78B and 78C are opened, whereby 
high pressure air from the high pressure air source 72 is supplied 
to the air ejector 30A connected to the ink supply tubing 20 and the 
air ejectors 30B and 30C connected to the ink recovery tubings 22 and 
5 24, respectively. Air in the ink supply tubing 20 and the ink 
recovery tubings 22 and 24 flows at a high speed from the ink reservoir 
16 to the air ejector 30A and to the air ejectors 30B and 30C, 
respectively, and thereafter flows toward the ink supply source 18. 
On the other hand, at almost the same time that the high pressure air 

10 is supplied to the air ejectors 30A, 30B and 30C, water flowing from 
the water supply tubing 28 is supplied to the ink supply tubing 20 
and the ink recovery tubings 22 and 24, respectively, via open-close 
the valves 68A, 68B and 68C which are controlled at desired time 
intervals. By controlling the open-close valves 68A, 68B and 68C 

15 connected to the water supply tubing 28, the time intervals for water 
supplying can be adjusted in any desired way. The desired time 
intervals for supplying water can be selected depending upon various 
conditions, such as the amount of flexographic ink remaining in the 
ink supply tubing 20 and the ink recovery tubings 22 and 24, or the 

20 flow speed of the air generated by the air ejectors 30A, 30B and 30C. 
Therefore, the flexographic ink remaining in the ink supply tubing 
20 and the ink recovery tubings 22 and 24 can be prevented from being 
solidified by supplying water therein, even when the moisture in the 
flexographic ink is evaporated by virtue of the high speed air flow. 

25 Thus, the flexographic ink remaining in the ink supply tubing 20 and 
the ink recovery tubings 22 and 24 can be effectively removed 
therefrom, and then returned back to the ink supply source 18, and 
the inner surfaces of the ink supply tubing 20 and the ink recovery 
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tubings 22 and 24 can be rinsed out. 

When it is intended not only to remove or rinse out the 
flexographic ink remaining in the ink supply tubing 20 and the ink 
recovery tubings 22 and 24, but also intended to reuse the recovered 
5 flexographic ink, the amount of water being supplied can be adjusted 
depending upon the measurements of the water flow meters 66A, 66B and 
66C, so that the ratio of supplied water to the recovered flexographic 
ink will not exceed a certain level. Preferably, the amount of water 
being supplied may be determined in relation to the viscosity of the 

10 ink being recovered, which viscosity is detected by the viscometer 
52, since too large an amount of supplied water causes the viscosity 
of the ink to be too low, which results in the deterioration of the 
printing quality. In another embodiment of the present invention, 
the water flow meters 66A, 66B and 66C may be disposed to be upstream 

15 of open-close valves 68A, 68B and 68C, respect ively. Also, in another 
embodiment of the present invention, viscometers may be disposed in 
the path of the ink recovery tubings 22 and 24, as well. 

The remaining flexographic ink left upon the surfaces of the 
inking roller 12 and the ink squeezing roller 14 is a small amount 

20 such as 50 grams in weight, so that it will be preferable to remove 
such ink by shaving it off with a scraper with the aid of a small amount 
of a diluting agent. In this case, the ink removed by the scraper 
should not be recovered via the ink supply tubing 20 or the ink 
recovery tubings 22 and 24 for scrapping, in order to prevent the ink 

25 from again adhering on the inner surfaces of the ink supply tubing 
20 and the ink recovery tubings 22 and 24. 

The operation for removing and/or recovering the flexographic ink 
remaining in the ink supply tubing and/or the ink recovery tubings, 
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which can retain the recovered ink in the reusable form, has finished. 
Upon a color change, the ink supply source will be replaced with new 
one which contains ink of the desired color. 

The inventor has carried out an experiment for confirming the 
5 advantages of the present invention, the results of which will 
explained below. The conditions for the experiment were as follows: 

(1) Kind of ink used : flexographic ink 

Viscosity of ink ' 9.0 sec (measured by a Zahn cup No. 4) 

(2) Kind of sheets used ' corrugated board sheets 

10 (3) Air ejectors : high pressure air of 5 kg/cm 2 was supplied 

(4) Amount of water supplied : supply of total of 30 cc per tubing 

is divided into three times 

(5) Ink supply/recovery tubings : 8 mm in inner diameter, about 
5 m in length, made of transparent plastic 

15 The procedure of the experiment will now be described. The 

flexographic ink being kept in the ink reservoir 16 is recovered 
therefrom and returned back to the ink supply source 18. Air in the 
ink supply tubing 20 and the ink recovery tubings 22 and 24 is made 
to flow at a high speed by using the air ejector, during which water 

20 is supplied into the ink supply tubing 20 and the ink recovery tubings 
22 and 24 from the water supply tubing 28 three times. Thereafter, 
the appearance and the viscosity of the flexographic ink still 
remaining in the ink supply tubing and/or the ink recovery tubings 
was observed. 

25 The results of the experiment will now be described. Air in the 

ink supply tubing 20 and the ink recovery tubings 22 and 24 flowed 
at the speed of about 5 m/sec, and by the force of this air flow, almost 
all of the flexographic ink remaining in the ink supply tubing 20 and 
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the ink recovery tubings 22 and 24, and the water supplied therein 
from the water supply tubing 28, had been almost completely been 
recovered and returned back to the ink supply source 18. Neither the 
flexographic ink nor the water could be observed in the ink supply 
tubing 20 and the ink recovery tubings 22 and 24. More particularly, 
at the third recovery of the flexographic ink, even a small amount 
of water containing little ink from the ink supply tubing 20 and the 
ink recovery tubings 22 and 24 could be completely recovered and 
returned back to the ink supply source 18 by closing the open-close 
valves 68 to halt the supply of water, while at the same time causing 
the high speed air flow of the air ejectors. 

More precisely, the total weight of the flexographic ink 
circulating between the ink supply source 18 and ink reservoir 16 was 
7 kg, whereas the weight of the flexographic ink remaining in the ink 
supply tubing 20 and/or the ink recovery tubings 22 and 24 after the 
printing operation was finished was about 100 grams, which required 
about 60 seconds to be recovered. On the other hand, the printing 
machine of the prior art which only utilizes the effect of gravity 
for recovering the flexographic ink requires normally about 300 
seconds for the recovery operation. Thus the present invention 
provides a recovery operation which takes only about one fifth the 
time that the one of the prior art takes. The viscosity of the 
flexographic ink recovered with the supplied water of 90 cc was 8.8 
sec, which ink can be used for the printing operation without any 
adverse effects thereon. 

According to the results of the experiment described above, it 
is advantageous to utilize the ink supply tubing 20 and the ink 
recovery tubings 22 and 24 the inner diameters of which are in a range 
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from about 6 mm to 10 mm, in order to generate a high speed air flow 
exceeding more than 5 m/sec flowing in a tubing having a length of 
about 5 m by using a commonly available high pressure air source of 
5 kg/cm 2 , while at the same time to circulate the flexographic ink 
having the viscosity of 12 sec (measured by a Zahn cup No. 4) in a 
good condition. 

Reference will now be made to Figure 4 which illustrates a second 
embodiment of the present invention, where components the same as 
those described in relation to the first embodiment are given the same 
reference numerals as are given to said components in the first 
embodiment. 

Figure 4 is a piping diagram showing the second embodiment of the 
present invention. As can be seen in Figure 4, this embodiment is 
characterized by its transfer means for recovering the ink after the 
printing operation has finished. More particularly, an ink supply 
source 218 is enclosed in a sealing chamber 502, which chamber is in 
fluid communication with a vacuum source 504 via connection tubing 
508 and an open-close valve 506. According to this embodiment, the 
flexographic ink is recovered from the ink reservoir 16 and returned 
back to the ink supply source 218 in the same way as in the first 
embodiment described above. Thereafter, air in the sealing chamber 
502 is exhausted by opening an open-close valve 506 disposed along 
the connection tubing 508 and by turning the vacuum source 504 on, 
whereby the mixture of the flexographic ink and the rinsing water 
remaining in an ink supply tubing 220 and ink recovery tubings 222 
and 224 is recovered and therefrom and returned back to the ink supply 
source 218. 

Figure 5 is a piping diagram showing the third embodiment of the 
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present invention. As can be seen in Figure 5, this embodiment is 
characterized by its transfer means for transferring ink between the 
ink reservoir 16 and an ink supply source 318. More particularly, 
whereas in the first embodiment the transfer means is tubing pumps, 
it is Mono pumps 326A, 326B and 326C in this embodiment. 

The Mono pump is a positive displacement pump of a rotational type 
including a threaded eccentric shaft, which comprises a stator (not 
shown) and a rotor (not shown) disposed within the stator, such that 
the rotor is always kept in line contact with the stator, whereby a 
sealed helical channel is formed between them. When the rotor is 
moved in both rotational and reciprocate directions within the stator, 
the fluid in the helical channel is transferred thereby, which enables 
a pressure difference to be created between its upstream and 
downstream for generating air flow therethrough. 

The ink is supplied from an ink supply source 318 to the ink 
reservoir 16 via an ink supply tubing 320 by the Mono pump 326A before 
printing. Also, during the printing operation, the ink is supplied 
to the ink reservoir 16 via the ink supply tubing 320 by the Mono pump 
326A, while at the same time, the ink is recovered from the ink 
reservoir 16 and returned back to the ink supply source 318 via ink 
recovery tubings 322 and 324 by Mono pumps 326B and 326C, which 
circulate the flexographic ink and provide a continuous movement 
thereof similar to in the first embodiment. When the printing 
operation has finished, the flexographic ink remaining in the ink 
reservoir 16 is recovered and returned back to the ink supply source 
318. Thereafter, the Mono pumps 326A, 326B and 326C are driven at 
a high speed, which generates a high speed air flow passing through 
the ink supply tubing 320 and ink recovery tubings 322 and 324, in 
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order to recover the mixture of the flexographic ink and water 
remaining in the ink supply tubing 320 and the ink recovery tubings 
322 and 324 and return it back to the ink supply source 318. Thus, 
the flexographic ink and water remaining in the ink supply tubing 320 
5 and the ink recovery tubings 322 and 324 is recovered and returned 
back to the ink supply source 318. 

The Mono pumps can be operated not only to transfer the 
flexographic ink before and during the printing operation, but also 
to remove and/or recover the flexographic ink and water after the 

10 printing operation has finished. This embodiment does not include 
the air ejectors or open-close valves in the first embodiment. This 
embodiment, however, can accomplish the transfer operation of the 
flexographic ink as well as the recovery operation of the flexographic 
ink and water just by the transferring pump for the flexographic ink, 

15 since the pump can generate a high speed air flow in the ink supply 
tubing 20 and the ink recovery tubings 322 and 324. In another 
embodiment of the present invention, gear pumps may be utilized 
instead of the Mono pumps, which gear pumps can also generate an air 
flow during the operation thereof. 

20 Figure 6 is a piping diagram showing the fourth embodiment of the 

present invention. As can be seen in Figure 6, this embodiment is 
characterized by its air flow generating means for removing and/or 
recovering the flexographic ink remaining in an ink supply tubing 420 
and ink recovery tubings 422 and 424. This embodiment does not 

25 include the air ejectors in the first embodiment. More particularly, 
a high pressure air source 510 is connected via a connection tubing 
512 to the ink supply tubing 420 and the ink recovery tubings 422 and 
424 at their portions adjacent to the ink reservoir 16. The remaining 
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ink and rinsing water are recovered and returned back to a ink supply 
source 418 by the force of high pressure air supplied to the ink supply 
tubing 420 and the ink recovery tubings 422 and 424. In order to 
accomplish such operations, an open-close valve 514A is disposed in 
5 the ink supply tubing 420 in close proximity to an opening end thereof 
adjacent to the ink reservoir 16, and the connection tubing 512 in 
fluid communication with the high pressure air source 510 is connected 
via an open-close valve 516A to one end of the open-close valve 514A 
opposite to the ink reservoir 16. Also, open-close valves 514B and 

10 514C are disposed in the ink recovery tubings 422 and 424 in close 
proximity to opening ends thereof adjacent to the ink reservoir 16, 
and the connection tubing 512 in fluid communication with the high 
pressure air source 510 is connected via open-close valves 516B and 
516C to the ends of the respective open-close valves 514B and 516C 

15 opposite to the ink reservoir 16. 

When the printing operation has finished, the flexographic ink 
remaining in the ink reservoir 16 is recovered therefrom and returned 
back to the ink supply source 418. Thereafter, the open-close valves 
514A, 514B and 514C are closed, the open-close valves 516A, 516B and 

20 516C are closed, and open-close valves 468A, 468B and 468C are opened. 
High pressure air is supplied from the high pressure air source 510 
to the ink supply tubing 420 and the ink recovery tubings 422 and 424, 
while water is supplied from a water supply source 464 to the ink 
supply tubing 420 and the ink recovery tubings 422 and 424. Thus, 

25 the flexographic ink and water remaining in the ink supply tubing 420 
and the ink recovery tubings 422 and 424 is recovered therefrom and 
returned back to the ink supply source 418. 

Although the best modes contemplated by the inventor for carrying 
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out the present invention have been shown and described herein, it 
will be apparent to those skilled in the art that suitable 
modifications, variations, and equivalents may be made without 
departing from the scope of the invention. 
5 For example, in relation to the first embodiment which recovers 

the flexographic ink from the ink reservoir 16 and returns it back 
to the ink supply source 18 via the ink supply tubing 20 and the ink 
recovery tubings 22 and 24, the opening ends thereof are positioned 
to be stationary in the flexographic ink being kept in the ink 

10 reservoir 16. It may be advantageous, however, to move the ink supply 
tubing 20 in the longitudinal direction of the ink reservoir 16 by 
the rotation of the threaded shaft 56 to promote recovering of the 
flexographic ink in the ink reservoir 16. The ink recovery tubings 
22 and 24 may also be moved in the longitudinal direction of the ink 

15 reservoir 16 for recovering the flexographic ink, if desired. 

Also, in the first embodiment, the means for transferring the 
flexographic ink between the ink supply source 18 and the ink 
reservoir is the tubing pump which has the support member moveable 
toward and apart from the rotor. However, a tubing pump which does 

20 not have any support member moveable toward and apart from the rotor 
or a diaphragm pump may be used instead. In a case where either of 
such pumps is utilized, the flexographic ink and water can be quickly 
recovered and returned back to the ink supply source 18, as the tubing 
pump in the first embodiment, by providing a by-pass tubing across 

25 the pump, and then opening the by-pass tubing in a suitable manner 
to reduce the resistance to the high speed air flow in the ink supply 
tubing 20 and the ink recovery tubings 22 and 24 only when the 
flexographic ink and water remaining in these tubings are to be 
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recovered and returned back to the ink supply source 18. 

Furthermore, in the first embodiment, all of the remaining 
flexographic ink and water is recovered from the ink supply tubing 
20 and the ink recovery tubings 22 and 24 by a high speed air flow. 
It may be possible, however, especially when the viscosity of the 
flexographic ink is high and required for further rinsing of the ink 
supply tubing 20 and the ink recovery tubings 22 and 24, to supply 
additional water after the above described water has been supplied, 
which is not returned back to the ink supply source 18 but instead 
to any other container. Such additional water will not cause to harm 
to the environment, since its amount is small. 

Also, in the first embodiment, the high speed air flow and the 
small amount of water is supplied simultaneously to the ink supply 
tubing 20 and the ink recovery tubings 22 and 24, upon recovery of 
the remaining flexographic ink from the ink supply tubing 20 and the 
ink recovery tubings 22 and 24. It may be possible, however, to 
remove the remaining water more completely by continuing to supply 
a high speed air flow for a longer time in the final recovery operation. 
Such an operation prevents the ink from being diluted by remaining 
water in successive printing operations. 

In addition, in the second and the fourth embodiments, it may be 
advantageous to release the ink supply tubing 420 and the ink recovery 
tubings 422 and 424 from the tubing pumps 426A, 426B and 426C upon 
recovery of the flexographic ink, in order to completely recover the 
remaining flexographic ink and water from the ink supply tubing 420 
and the ink recovery tubings 422 and 424 and return it back to the 
ink supply source 418. 

Therefore, according to the apparatus for removing and/or 
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recovering ink, a printing machine including such an apparatus, and 
a method for supplying and/or recovering ink of the present invention, 
the ink remaining in the ink delivery tubings connecting the ink 
reservoir to the ink supply source is completely removed therefrom 
by supplying an air flow therethrough, thereby preventing a change 
of printing color due to the mixture of a previous ink and a new ink. 

Also, according to the apparatus for removing and/or recovering 
ink, a printing machine including such an apparatus, and a method for 
supplying and/or recovering ink of the present invention, the ink 
remaining in ink delivery tubings connecting the ink reservoir to the 
ink supply source can quickly be removed or rinsed out by supplying 
a high speed air flow and water in the ink delivery tubings. 

Furthermore, according to the apparatus for removing and/or 
recovering ink, a printing machine including such an apparatus, and 
a method for supplying and/or recovering ink of the present invention, 
the ink remaining in the ink delivery tubings can be recovered in its 
reusable form therefrom by supplying a high speed air flow and a small 
amount of water in said tubings. 
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